Sequence databases, such as NCBI, are a very important resource in many areas of science. Downloading small amounts of sequences to local storage can easily be performed using any recent web browser, but downloading tens of thousands of sequences is not as simple.
importance for researchers in many areas of science [1] . The current count of sequences available in this database as of 15 December 2015 ascends to over 18.9 × 10 7 sequences and 20.3×10 10 base pairs (ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt), representing roughly 2.5 Tb of compressed data and keeps growing. Due to advances in sequencing technology, the amount of sequence data required by investigators has increased by orders of magnitude in the last few years. This has naturally led to increased use of the NCBI databases by investigators for retrieving sequence data. NCBI Mass Sequence Downloader provides a user friendly interface and automated error checking for downloading large sets of sequence data.
Problems and background
Although downloading sequences from NCBI can be done in a simple fashion using any standards compliant web browser via the Entrez [2] web portal, this method does not scale well, and downloading large amounts of sequences (in the order of the tenths of thousand) from these databases can cause problems when performed this way (https://www.biostars.org/p/ 43970/). Furthermore, manually performing this type of tasks is time consuming and error prone, which may hamper the reproducibility of scientific work.
For retrieving large sets of data, NCBI provides the Eutilities API [2] , although it can be difficult to use by investigators without an IT related background, despite it's through documentation. Frameworks exist, written in various popular languages, such as Python, Perl or Ruby, that provide some level of abstraction for using this API, such as Biopython [3] , BioPerl [4] , or BioRuby [5] , respectively. However, these too, require some degree of programming knowledge to use, rather than providing end-user packages ready to use for a specific purpose. This leaves investigators without a simple, ready-made solution. Although this is not much of a problem for someone with a bioinformatics background, it poses a serious issue for someone with a molecular biology background, who may frequently require this kind of data, but lack the programming skills to use one of the mentioned frameworks or the API.
By using NCBI's API, our program intends to solve the problem of retrieving large datasets, in a user friendly, automated, and reproducible way. The tool is therefore aimed at molecular biologists that do not have an IT related background, but need to download large datasets from the NCBI databases.
Software framework
3.1. Software architecture NCBI Mass Sequence Downloader is written in python (http://www.python.org) and can be run under both python 2 and python 3. The command line interface (CLI) version of the program can be run on any OS that has python available. The GUI version further requires PyQt5 (http://www. riverbankcomputing.com/software/pyqt/intro) available, which means all major currently used operating systems such as GNU/Linux, MS Windows and Mac OSX are supported. The program uses a slightly altered (changed the import statements) module from Biopython [3] to Entrez [2] , which is included with the software. This avoids the need to have Biopython installed, which, despite being a popular library in the bioinformatics community, is not usually so for molecular biologists. The consequence of this convenience for the user is a higher maintenance requirement since it makes it necessary to keep up with the upstream Entrez module. However, this Biopython module has not had many recent changes, and merging them into NCBI Mass Sequence Downloader has so far been trivial.
The program consists of essentially three modules -a backend, a front-end and the Entrez module. If the program is run without arguments, the GUI version is launched ( Fig. 1 ), but if the program is run with arguments, the command line version will be run instead. This makes the program quite flexible to use in different environments.
The program's source code is available on github (https:// github.com/ElsevierSoftwareX/SOFTX-D-15-00072.git), along with binaries for GNU/Linux, MS Windows and Apple OSX.
Software functionalities and limitations
NCBI Mass Sequence Downloader is made to solve a single task -downloading sets of sequences from the NCBI databases. For this, the user should provide an email address for eventual contact from NCBI (which is sent only to NCBI), the database to be queried, the search query, and a path to the file for the downloaded sequences. Download progress is indicated in both user interfaces.
Currently, the program is limited to downloading sequences in the FASTA format and to NCBI databases, but data from several databases can be retrieved: nucleotide, nuccore, nucgss, protein, genome and popset.
Internal routines and error handling
Once the program is requested to start the download, it queries the selected NCBI database for the inputted search term. It will then store the returned sequence IDs in memory, and begin downloading the respective records in batches of 3000 sequences. Every batch is temporarily stored in memory, and once 3000 sequences are downloaded, they are immediately stored in the output file, flushed from memory, and then, the next batch is processed.
After all the records are downloaded, the output file is parsed and its sequences' IDs matched to the originally retrieved sequence IDs. If any sequences are missing, a new pass is made to retrieve them. This process is repeated as often as necessary until all the requested sequences are stored in the output file. Stopping the program at any time will not affect any sequences already stored in the output file.
If a pre-existing FASTA file is selected as the output file, instead of overwriting it, the file is parsed, and the sequences' IDs are retrieved and compared to those returned by NCBI for the requested query. Any already present sequences are not downloaded again, and any missing sequences are appended to the end of the file. This capability makes it possible to resume any canceled download. NCBI Mass Sequence Downloader will handle any server errors thrown during sequence retrieval by pausing all activity for eight seconds and then retrying. Five such failures in a row, cause a further 20 s pause before trying a retrieval operation again.
Future plans
Several developments are expected for future releases of NCBI Mass Sequence Downloader, such as being able to get data in formats other than FASTA, adding an online interactive help system to the GUI or even the capability to query databases other than NCBI. We expect to keep the software maintained to work with future versions of python, Qt, and database APIs for the foreseeable future.
Illustrative examples

Example use case
A molecular biologist has to analyze a hypothetical dataset of transcriptomic data of a plant-fungus system (Castanea dentata, Cryphonectria parasitica). In order to identify which sequences can be considered "plant" and which can be considered "fungus", instead of downloading the entire "nt" database from NCBI and running BLAST [6] queries against it, by using NCBI Mass Sequence Downloader, it is possible to download only the sequences of the Fagales (plants) order and Sordariomycetidae (fungus) subclass, and run the required BLAST queries against the resulting files. This would considerably reduce both download and query time, provide the user with more specific results and enable a simpler downstream data filtering process. An example study where NCBI Mass Sequence Downloader could have been useful is [7] , where the investigators performed BLAST searches against several datasets that could have been quickly obtained and segregated with this software.
The command line interface (CLI)
In order to use the CLI version of the program for solving the problem described in Section 4.1, the user needs to run the program with the following arguments: "user email address", "query term", "database to query" and "output file". Screenshots of NCBI Mass Sequence Downloader performing this specific task in the CLI environment can be seen in Fig. 1 .
In this test, the plant query took ∼48 min to download all 304,129 records, roughly 1.2 GB of sequence data. The fungi query took ∼42 min to download all 206,928 records, amounting to approximately 2.0 GB of sequences.
The Graphical User Interface (GUI)
In order to use the GUI version of the program, the user needs to run the program without any arguments. This will bring up the interface main window (Fig. 2) , where the user can enter the required information to proceed with the downloading of the queried sequences.
The performance of the GUI version was essentially the same as the one obtained using the CLI method.
Using the alternative methods
Using the Entrez web portal to download the sequences mentioned in the example resulted in having to attempt each of the downloads several times until all the sequences were obtained. Furthermore, the download would simply stop without issuing any error messages, and it was thus, necessary to manually verify that all the requested sequences had been downloaded (which did not happen in the first three tries for the plant dataset and for the first two times for the fungus dataset). This method was thus more time consuming and required manual user intervention several times until all the requested data was locally stored.
The E-Utilities API can also be used directly. In order to get the example data using this method, the following actions need to be taken:
1. Make the search query to the NCBI servers. 2. Retrieve the "Query Key" and "WebEnv" variables.
3. Request the sequences in blocks of up to 10 4 until all are downloaded.
This can be done manually, but it is a tedious and error prone process (step 3 would have to be performed 62 times to download all sequences from the example case). Alternatively, this behavior can be scripted to automate the process, but that requires programming skills, which may act as a barrier to molecular biologists.
Conclusions
Although querying the NCBI database and downloading the respective sequences can usually be done from the web browser, when it is necessary to download large amounts of sequences, this procedure becomes unreliable since the probability of download problems increases with its size and the Entrez web portal does not provide a way to resume interrupted downloads. Using the alternate method -via the E-utilities API requires programming skills and not every molecular biologist is equipped to deal with that. These issues make the process of retrieving large datasets from NCBI an error prone and attention demanding process, unless the user has some programming skills.
NCBI Mass Sequence Downloader was designed to fill in this gap. To allow anyone without programming skills to easily download large sequence datasets from the NCBI databases, in an automated, reliable and reproducible way.
Furthermore, the possibility to choose the interface, makes NCBI Mass Sequence Downloader appropriate to use both on desktop and on the command line based systems.
